Nanoparticles with strong paramagnetic responses are of prime interest for advanced MRI imaging. To replace Gd expensive and toxic complexes, Gd-based nanoparticles have emerged as a viable solution for efficient and harmless MRI contrast agents. Gadolinium oxysulfide nanoparticles could represent suitable candidates for MRI imaging and bimodal imaging thanks to their excellent properties as host matrix and chemical stability, but their magnetic properties at the nanoscale have been hitherto poorly investigated especially in the case of ultrafine nanoparticles (< 10 nm), where surface effects and ligands can significantly affect the magnetic behavior. In the present work, we synthesized and characterized bimetallic (Gd,Ce) 2 O 2 S nanoparticles and demonstrated that they are paramagnetic over a wide 2 temperature range including the body one. The mixture of Gd and Ce magnetic centers enables a fine control of the magnetic properties up to high Ce concentrations (80 %) and over a large range of magnetic moments, while photoemission properties are guaranteed up to 20 % of Ce owing to a regular dispersion of the Ce centers. The present study on bimetallic oxysulfide nanoparticles with high concentrations of two lanthanides shows that (Gd,Ce) 2 O 2 S nanoparticles are viable candidates as tunable nanoscaled agents for bimodal imaging.
Introduction
Lanthanides can exhibit high magnetic susceptibility, which is of major interest for chemicals to be injected in a living organism. For instance, Gd III complexes are used as positive contrast agents in magnetic resonance imaging (MRI) due to the 4f 7 electronic configuration of the ion (µ eff = 7.94 µ B ). Gadolinium ions in molecular complexes remain toxic because of polarizing effects and competition with calcium. Special hydrosoluble complexes were then developed to mitigate the toxicity of Gd III . 1 An alternative to lanthanide complexes is offered by lanthanide nanoparticles which display better relaxations because, in these particles, several thousand atoms are concentrated in a little volume. Iron oxide nanoparticles have also been used as negative contrast agents, however they often produce artefacts in the MRI images. 2 Gd 2 O 3 nanoparticles were found to have similar or better relaxation properties than Gd complexes, without the drawbacks of iron oxides. These particles were then chosen for the precise visualization of locally injected cells. 3, 4 Doped gadolinium oxide nanoparticles were then employed for bimodal imaging (MRI and luminescence). 5 In the Gd 2(1-y) Ce 2y O 2 S nanoparticles, Ce III luminescence could be detected and measured between 420 and 650 nm for the samples with y = 2 % and 20 % ( Figure S4 ). This shows the relevance of these objects for further luminescence application in the visible range.
Results and discussion
In view of the above results, we expect similar paramagnetic properties in Gd 2(1-y) Ce 2y O 2 S nanoparticles, which display a tunable concentration of cerium ( Figure S2 ) and keep the We were able to fit the χ mol (T) curves using a generalized Curie's law, as demonstrated in 
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Conclusion
In the present work, we have carried out a systematic study of the magnetic properties of Gd 2(1-y) Ce 2y O 2 S in a wide range of composition, y = 0 -90 %. We have found that the nanoparticles are paramagnetic in the whole 5 -350 K temperature range studied and the temperature dependence of the susceptibility is well described by a generalized Curie law.
Our data analysis indicates that the magnetic moment linearly decreases with Ce concentration, as expected from a simple ionic model suitable to describe the electronic configuration of the 4f shell. The above results indicate that the magnetic properties of the Gd 2(1-y) Ce 2y O 2 S nanoparticles are easily tuned by chemical composition in a wide range, y = 0 -80 %. For y > 60 %, Ce oxidation is significant and leads to a decrease of the expected magnetic moment. Remarkably, the Gd 2 O 2 S nanocrystals do not exhibit antiferromagnetic order down to 5 K, contrary to the bulk, which displays an order at 5.7 K. The reason for this difference, which we tentatively attribute to size effects, will be the object of a future work.
Altogether, the combination of tunable paramagnetic and photoluminescence properties is promising for the development of Gd 2(1-y) Ce 2y O 2 S nanoparticles for bimodal imaging applications. Indeed, Ce III cations emit light even for relatively high doping concentrations.
Future directions of work include the study of size-effect on the magnetic properties, which should be performed on nanoplates with a narrower width distribution. They also encompass the evaluation of in vitro and in vivo toxicity of the nanoparticles, which will be reported in due time. In a typical synthesis of GdCeO 2 S, Gd(acac) 3 
Experimental section
Scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS)
A small amount of powder was deposited on a carbon adhesive tape on a scanning electron microscope sample holder. A layer of carbon was deposited on the samples for electronic conductivity. EDS analyses were performed on a SEM HITACHI S-3400N at 10 kV.
Titanium was chosen as reference and analyses were performed on three to five different zones on each sample.
X-ray Powder Diffraction (XRD)
The different X-ray diffraction patterns of dry powders were measured on a Bruker D8 diffractometer using Cu Kα radiation at 1.5406 Å. Typical diffractograms were collected with steps of 0.05 ° and a scanning speed of 5 s/point. The backgrounds of the patterns were subtracted using the EVA software. When low noise Si monocristals sample holders were used, the angular position 2θ was corrected by adjusting the sample height (correction around 0.5 to 1 mm). 
